Immune privilege is a concept that has come of age. Where previously it was considered to be a passive phenomenon restricted to certain specialized tissues, it is now viewed as comprising several mechanisms, both active and passive, shared in many aspects with emerging notions of the mechanisms of peripheral tolerance. The relative degrees of immune privilege vary from tissue to tissue depending on the number and strength of each of the mechanisms contained in that tissue. Immune privilege can be generated in non-privileged sites such as the skin and allografts, and is a property of the tissue itself. We therefore propose that, in addition to canonical central and peripheral tolerance mechanisms, there is a third route whereby the organism promotes self-antigen non-reactivity centered on the specific properties of each tissue and varying accordingly (relative degrees of immune privilege). This third mechanism of inducing immunological tolerance, as it is a local tissue phenomenon, might have particular therapeutic significance, for instance in devising strategies for induction of immunity to tumors by disrupting immune privilege or in preventing graft rejection by promoting immune privilege.
INTRODUCTION
The notion of immune privilege emerged from studies of a phenomenon that had been recognized for over 130 years (if Neiderkorn ' s historical analysis is to be accepted 1 ), namely that allografts, which were rapidly rejected from tissues such as the skin, were accepted when placed in certain other sites, particularly the brain and anterior chamber of the eye. Privilege (which by definition means some form of advantage) was interpreted to be conferred on these grafts in that they did not evoke an immunological rejection reaction and were " allowed " by the organism to survive. As further investigations were conducted, it became clear that many other sites demonstrated " privilege " and the notion developed that there were both " privileged sites " and " privileged tissues " . 2 Furthermore, an additional phenomenon became evident through experimentation on animal models, namely that privilege or at least a modified form of immunological responsiveness (immune deviation) was transferable to other sites in an antigen-specific manner following inoculation of antigen into a privileged site, such as the eye and brain. 3, 4 When the eye was the site of inoculation, this phenomenon was termed anterior chamber-associated immune deviation (ACAID). 5 More recently, the concept of immune privilege has been extended to many other forms of modified immune responses, in particular to the " impaired " immune response to tumors and to the acceptance of grafts in classically non-privileged sites such as the skin and heart induced through immunological tolerizing procedures. 6, 7 However, since the time of the first description, it was rapidly recognized that the most universal form of immune privilege occurs at the fetomaternal interface. The mechanisms underpinning this form of immune privilege have been extensively reviewed. 8 -11 
THE SEMANTICS OF PRIVILEGE
It is worthwhile to consider briefly what is meant by privilege. According to the Oxford English Dictionary, privilege can be described as an advantage, right, or benefit that is not available to everyone; a form of exemption. Even Shakespeare used the word in the context of a " sanctuary, " a term that Mellor and Munn apply to T-regulatory cells as " single cell sanctuaries. " 12 The self-evident advantage of immune privilege to the organism is that the collateral damage generated during a " normal " immune response is so attenuated that non-renewable tissues (e.g., retina, brain) are protected; however, the corollary is that the target of attack (e.g., the foreign antigen, see Figure 1 toxoplasma antigen) is not removed and becomes a Trojan horse, waiting for the moment when privilege is lost and overwhelming tissue damage occurs. Caspi 13 has recently highlighted this conundrum in suggesting that immunological privilege of many tissues is maintained at a cost or risk to the organ when the tissues are breached; thus, self-antigens in " privileged " organs, doubt that in the normal central nervous system (CNS) tissues, there is a substantial barrier to the passage of molecules, which can be precisely defined in terms of molecular size. 16 However, further examination reveals that the integrity of this barrier in the CNS is variable depending on the vessel type (artery, capillary, or vein) and its pericellular composition. It was assumed that this barrier would also be present to large particles such as cells, but clearly this could not be so, as cell-tracking studies have revealed that there is a constant turnover of " resident " bone marrow-derived cells to the brain 17 and retina; 18 in addition, circulating T cells and comigrating myeloid cells can penetrate the CNS tissues prior to the onset of autoimmune inflammatory disease. 19 -21 However, this is not simply an open door to the passage of leukocytes: activated, but not naive ( " resting " ), T cells can penetrate the blood -retinal barrier and do not do so immediately they enter the circulation but only after a period of several hours, during which time the vasculature upregulates adhesion molecules and other receptors. 21, 22 In contrast, only fresh recent myeloid emigrants from the bone marrow are able to cross the blood -retinal barrier whereas " activated " macrophages do not 23 ( Figure 2 ). Thus, although the blood -CNS barrier appears to be strictly controlled to the passive movement of molecules into the tissues, the passage of cells seems to be more selective and to involve active transendothelial migratory processes.
A second barrier proposed as an explanation of CNS immune privilege was the absence of lymphatics and antigen-presenting cells (APCs) in the target tissue; however, recent studies have confirmed earlier literature that there is a substantial, lymphatic drainage connecting the meninges and ventricular system, if not the brain parenchyma, directly through the cribriform plate to the deep cervical lymph nodes, 24 whereas the eye contains rich networks of APCs 25, 26 and has a functioning lymphatic system through the submandibular lymph node connecting all parts of the eye except the retina proper. 27, 28 The potential to rapidly develop lymphatics, which are abundant in inflamed ocular tissues, 29 may be due to the presence of precursor cells in many ocular tissues. 30 Transendothelial migration of monocytes in inflamed retina. Fresh BM cells ( a ) or in vitro cultured BM macrophages ( b ) were adoptively transferred into day 18 EAU mice. Mice were killed 48 h later and retinal whole mounts were prepared for confocal microscopy. Only fresh monocytes were able to cross the endothelial barrier and enter the tissue. BM, bone marrow; EAU, autoimmune uveoretinitis.
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HIERARCHY OF " IMMUNE PRIVILEGE " AND SUMMARY OF MECHANISMS INVOKED
As originally proposed, immunological " privilege " was restricted to certain tissues such as the brain and the eye. In addition, Medawar was intrigued at the survival of the fetus in which clearly the host had to contend with non-self, paternal antigens. It became clear, however, that privilege could be extended to many tissues including the testis, 31 liver, 32 hair follicle, 33 and mucosa. 34, 35 Even unexpected tissues, such as the gut, 36 tumors, 37 skin, and lymph node itself have been included as immune-privileged sites under certain circumstances (see below). Most recently, strategies to promote the acceptance of grafts in sites not normally associated with privilege, such as the heart and skin, have been described in terms of induced immunological privilege. 6, 7 As most of these organs do not have impermeable blood -tissue barriers, other mechanisms are required to explain how " privilege " operates under these circumstances. In one sense, the idea that blood -tissue barriers did not fully explain the phenomena of immune privilege dates back to the early work of Medawar, who demonstrated that allogeneic skin grafts that were not rejected after being grafted into the anterior chamber of the eye were also subsequently accepted when removed from the eye and regrafted into the skin. 38 This protection from rejection was antigen-specific as it did not extend to third-party skin grafts. Thus, some form of antigen-specific immune suppression appeared to be actively induced such that systemic immunological protection against that antigen was generated after implantation of allografts into the eye. Active mechanisms that might contribute to immunological privilege extend in many circumstances to the tissues themselves. Thus, neurological tissues express many molecules that regulate T-cell function including CD200, 39 FasL, 40 -43 and TRAIL 44 -46 (for review, see ref. 44 ). Ligation of some of these molecules may, however, act like a double-edged sword: for instance, under certain circumstances, Fas -FasL interactions can promote inflammation and tissue damage, 47, 48 whereas in other contexts, activated T-cell apoptosis is induced. 41, 49 This duality of function resonates well with the idea of a cost -benefit implication for immune privilege. 13 The testis, which incidentally has an extensive mature lymphatic system, 50 also demonstrates several tissue-associated immunoregulatory molecules such as FasL and TRAIL, 51 and its resident parenchymal cells release a range of anti-inflammatory cytokines important in the induction of T-regulatory cells.
Active " privilege-mimicking " mechanisms can extend to tissues not normally associated with privilege, such as exposed tissue surfaces, which are the major routes of initial foreign antigen entry. 52 For instance, the gastric mucosa has recently been shown to demonstrate " privilege " during Helicobacter infection through Fas -FasL interactions. 52 The ocular surface, unlike the subconjunctival space, 53 has similar properties to other mucosal surfaces and expresses many active immunosuppressive mechanisms including the secretion of short-range local mediators 35 as well as participating in the more general mucosa-associated lymphoid tissue downregulatory mechanisms. 54 The oral mucosa has been viewed similarly. 55 The gastrointestinal tract has also been included as a tissue that under certain circumstances can express privilege: indeed, under normal homeostatic conditions, the mechanisms that render the gut flora and dietary antigens non-immunogenic are considered by some to be part of the " immune privilege " process and are sustained through a range of mechanisms, such as the secretion of immunosuppressive mediators, which ensure the generation of tolerogenic APCs, inflammatory anergic macrophages, and various sets of regulatory T cells that promote immunological non-responsiveness. 36 Clearly, the distinction between immune privilege and immunological tolerance becomes blurred when the phenomena are discussed in these terms.
Tissues, such as the liver, have long been recognized to be immunologically privileged and, indeed, are one of the frequently used explanations for relative success with liver transplants. 32 The locus of immune privilege in the liver has been attributed to a little-known anatomical feature i.e., the space of Disse (for review, see ref. 56 ). However, there are many other well-recognized active mechanisms. For instance, there are many cell-surface immunoregulatory molecules expressed by liver cells, such as FasL and TRAIL as well as many secreted molecules including transforming growth factor-(TGFb), interleukin-10, and other mediators. In addition, liver-derived dendritic cells (DCs) have been shown to be tolerogenic and immune-deviating compared to mature bone marrow-derived DCs, 57 in a similar way to the proposal for eye-derived APCs (see below). An alternative and topical mechanism suggested is through the enzyme indoleamine oxidase, which converts tryptophan to kynurenine intermediates, which in turn have significant downregulatory effects by inducing antigen-specific T-regulatory cells. This is considered to be one of the central mechanisms underpinning the capabilities of " tolerizing DCs " (see below). Other theories abound regarding the mechanisms of liver-centered immune privilege. For instance, Crispe et al . 31 have recently proposed an interesting hypothesis based on the continuous exposure of liver cells to gut flora-derived endotoxin, which deviates liver cells to produce a set of T-cell tolerizing cytokines, antigen-presenting cell-surface molecules, and inhibitory costimulation. T-regulatory cells are thus generated in large numbers rather than T-cell anergy or immune deviation as seen in ACAID. 32 Alopecia areata is an autoimmune disease in which the target for immune attack is the hair follicle. This structure was proposed by Westgate et al . 58 to possess immune privilege in which special emphasis was placed on active mechanisms involving limited major histocompatibility complex (MHC) class Ia expression by hair follicle epithelial cells and suppression of natural killer cell and macrophage activity. 59, 60 Low expression of MHC class I appears to be linked to secretion of immunoregulators such as TGFb and interferon-g, similar in some ways to the anterior chamber of the eye. Interestingly, Fas -FasL mechanisms were not involved. 61 Surprisingly, in some ways, the secondary lymphoid tissues, normally the seat of induction of immunity, are now regarded, if not as immune-privileged sites, at least as the source of cells REVIEW that are implicated in immune privilege. They are a major site of residence of peripheral CD4 + CD25 + T-regulatory cells, they can direct Th2-based mucosal immune tolerance, 62 and the spleen appears in some obscure way to be the center of a multicellular immune response, involving natural killer-1. 1T cells, B cells, F4 / 80 macrophages, and -T cells, which results in the generation of CD8 + T-suppressor cells mediating ACAID. 5,63 -69 The site par excellence demonstrating immune privilege is the feto-maternal interface of the placenta. Clearly, there is extensive interchange of molecules and cells between the mother and the fetus, and therefore blood -tissue barriers, apart from some special examples of selective transport and even secretion, do not play a major role. Instead, active mechanisms are important and include apoptosis induced by FasL 70 and TRAIL, 45 NK cells, specific molecules such as MIF 71 and the non-conventional MHC Class I HLA G( 8, 72, 73 ) , and several sets of T regulatory cells linked in some cases to high levels of IDO. 74 Interestingly, expression of HLA G has been linked to some forms of human melanomas 75 (see next paragraph).
Although this section of the review cannot describe all the known sites of immune privilege, two remaining sites of importance merit discussion: solid tumors and sites of chronic infection, 12 particularly the skin. Although tumor-related molecules, such as corticotrophin-related hormone in ovarian tumors, and FasL more generally, 76 have been implicated in prevention of the antitumor immune response, 77 it is now recognized that survival of tumors depends in large part on suppression of autologous antitumor immunity, e.g. by downregulating MHC class I antigens and Fas while upregulating FasL. Anti-tumor immune reactivity is also expressed in many cases by high levels of tumor-infiltrating regulatory T cells. 78 Some tumors promote T-regulatory cells and immune deviation by secretion of molecules such as galectin-1 79 or TGFb. 80 In addition, they frequently downregulate MHC class I antigens and Fas while upregulating FasL. Even the tumor-draining lymph node may be involved in this process and generate tumor antigen-specific T-regulatory cells. 81 Expression of CCR4 by CD4 + CD25 + T regs in certain tumors appears to be linked with the development of tumorassociated immune privilege. 82 Finally, one persisting puzzle for investigators of inflammatory disease is how chronic infections develop and persist. Recent studies in skin Leishmania have shown that, in fact, chronic infection is generated by persistence of the parasite. This is achieved by subvention of the immune response through mediators secreted by the parasite, which modify the function of infiltrating macrophages and DCs. Peters et al . 83 have shown that this is assisted in Leishmania-infected mice by the large numbers of steady-state, naturally occurring CD4 + CD25 + T-regulatory cells mediated through interleukin-10 secretion. In one sense, this is linked to well-recognized methods of immune evasion that are employed by many infectious agents, particularly latent viruses, which induce T-regulatory cells at the site of infection, as for instance herpes simplex virus induction of CD8 + regulatory T cell in the trigeminal ganglion after initial corneal epithelial cell infection. 84 This is an ambivalent situation, as escape from latency is easily achieved, resulting in recrudescence of herpes simplex keratitis. 84 The precarious nature of this process is highlighted by the persistence of Human Immunodeficiency Virus in the CNS, in part promoted by the immune-privileged state of this tissue. 85 
IS IMMUNOLOGICAL TOLERANCE TO " PRIVILEGED " ANTIGENS MODIFIED?
The notion of " privileged " self-antigens residing in certain tissue raises the difficult question of whether immunological tolerance to such " privileged " antigens is as effective or complete as tolerance to antigens in non-privileged sites. Tolerance to selfantigens is achieved through two main mechanisms: central tolerance in the thymus in which deletion of self-reactive cells is the dominant mechanism and peripheral tolerance in which the few autoreactive cells that have escaped central tolerance are regulated. Peripheral tolerance is mediated by a range of mechanisms including deletion (after activation), anergy, and suppression by regulatory T cells. 86 Induction of central tolerance is mediated by thymic expression and presentation of peripheral antigens by medullary thymic epithelial cells, cortical epithelial cells, and DCs, and it is partly under the control of the autoimmune regulator (AIRE) gene. 87, 88 For some retinal (presumed privileged) antigens, expression levels of antigen by medullary thymic epithelial cells appeared to correlate with resistance to autoimmune inflammation. 89 In addition, although AIRE -deficient mice develop autoimmune disease to several tissue-specific antigens, loss of expression of a single retinal antigen, interphotoreceptor retinalbinding protein (IRBP), abrogated autoimmune inflammation in the eye but not in other AIRE-regulated tissues. In addition, absence of IRBP in the thymus renders mice susceptible to retinal inflammation, all of which support a significant role for control of ocular inflammation in this immune-privileged site through central tolerance mechanisms. 90 It would appear, therefore, that tolerance to privileged antigens, in the context of the retina at least, is under the control of a range of mechanisms, but it is difficult to quantify and correlate levels of tolerance vs. susceptibility to autoimmunity irrespective of whether the antigen resides in a privileged organ or in a presumed non-privileged site. For instance, does the level of medullary thymic epithelial cell expression of a particular antigen in the thymus determine whether tolerance to that antigen is effective, and does that correlate directly or inversely with the degree of immunological ignorance (sequestration) that a " privileged " antigen enjoys?
SEQUESTRATION AND IMMUNOLOGICAL IGNORANCE
We have recently attempted to address this question of whether there is a correlation between systemic immunological tolerance and " privileged " vs. (presumptive) " non-privileged " antigens. For this, we constructed two transgenic models in which a neo(pseudo-self)-antigen is expressed in the target cells. The foreign antigen hen egg lysozyme (HEL) was expressed in two cell types: (a) the melanocyte, which is broadly distributed in many tissues and is presumably a source of " non-privileged " REVIEW antigen; and (b) the photoreceptor cell in the retina, in which many retina-specific, presumed " privileged " antigens reside. 91, 92 HEL was expressed in the melanocyte under the control of the promoter for tyrosinase-related protein-2 (Trp2) 93 and in the retina under the control of the promoter for IRBP, 94 and it was also membrane-associated (i.e., not secreted) through linkage to the MHC class I promoter. In both cases, the single transgenic mice were normal, showing no signs of disease. However, when the mice were crossed with a transgenic mouse, in which 70 % of the CD4 + T cells expressed a T-cell receptor for the immunodominant peptide 46 -61 of the HEL protein, both strains of mice developed autoimmune disease. In the case of the doubletransgenic HEL-Trp2:TCR mice, a spontaneous form of vitiligo developed, 93 whereas in the case of the double-transgenic HEL-IRBP:TCR mice, spontaneous autoimmune uveoretinitis developed. 94 Investigation of disease induction in each model, however, revealed different underlying mechanisms of disease. In the vitiligo mice, T cell-mediated melanocyte killing via Fasl, but not perforin, was required to permit disease, whereas in the case of the autoimmune uveoretinitis mice, there appeared to be a defect in peripheral tolerance through limited anergy induction. There was also a possible defect in T-regulatory cells, but further studies are required to elucidate this. However, there was a clear absence of Fas -FasL and perforin-mediated mechanism in the autoimmune uveoretinitis mice. 94 These studies hint at the possibility that " privileged " antigens are relatively ignored by the immune system (old-fashioned sequestration), at least during development of peripheral tolerance mechanisms, even though there is clear evidence of some level of central tolerance induction through expression of antigen and regulatory control through Aire in the thymus, as crossing the (double-transgenic) HEL-IRBP:TCR mice to the Aire knockout mice led to an acceleration of disease, indicating that central tolerance through Aire was functional. The possibility that the " privileged " tissue may provide the mechanisms for immunological ignorance and exert local control over the immune response adds another dimension to the notion of tolerance (see below).
PRIVILEGE IS RELATIVE AND CONTEXT-DEPENDENT
Immune privilege, as originally conceived, has gone through many drafts of its mechanistic hypotheses. The initial concept of a blood -tissue barrier proposed by Medawar 14, 38 stemmed from his observations that grafts in the anterior chamber of the eye were accepted only if they did not adhere to the iris / uveal tissue and develop a vascular communication. This notion fell into disfavor as " privilege " and intact tissue barriers could not be universally demonstrated especially for tissues such as the placenta. It was replaced by the idea that impaired immune responses in privileged tissues resulted from a defective lymphatic circulation and, even more importantly, from an absence of APCs capable of local induction of the immune response. The model tissue for this was par excellence the cornea, but even this tissue has been found to contain many passenger leukocytes and even precursor DCs, 95 whereas the brain and the eye were found to contain large networks of APCs, if not in the parenchymal tissues, at least in the coverings and adjacent tissues. 25, 96, 97 In this context, the recent identification of a population of MHC class II-positive 33D1 cells in the periphery of the retina and cornea has revealed a potential route for T-cell activation in these privileged sites ( Figure 3 ). 98 33D1 + DCs are a subset of MHC class II hi -expressing DCs found in specialized regions in the spleen 
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and are thought to be important in promoting active adaptive immunity. 99 However, their position in the marginal regions of the eye suggests that they might also have a role in immune tolerance mediated by DCs. 100 In other privileged tissues such as the testis, it was easier to discount the lymphatic vessel deficiency theory as a general explanation for privilege. In this context, the role of DCs in mediating tolerance has now become established dogma. The current paradigm, in fact, suggests that the major role of bone marrow-derived tissue-surveying DCs is to promote peripheral tolerance and prevent reactivity to self-antigens. In this scenario, ' tolerizing ' DCs capture self-antigen released from the tissues during normal cell turnover (housekeeping apoptosis) and migrate to the draining lymph node where they present the antigen to T cells. Stochastic presentation to an autoreactive T cell fails to lead to pathogenic activation of the T cells because presentation occurs in the absence of costimulation, for which the DCs would have had to be exposed to innate immune triggers such as Tolllike receptor ligands or other stimuli. Several other mechanisms have been proposed for DC mediation of peripheral tolerance, including the induction of T-regulatory cells. This might occur through release of suppressive cytokines such as interleukin-10 and TGFb, or through the expression of immunosuppressive ligands such as FasL and PDL1 or -2. A well-defined mechanism by which DCs induce peripheral T-regulatory cell is through indoleamine oxidase, which as indicated above is important in the catabolism of tryptophan. The kynenurine products have the capacity to promote T-regulatory cells directly, and indoleamine oxidase-expressing DCs, particularly plasmacytoid DCs, have been identified in immune-privileged tissues such as the cornea. Other potential DC-related enzyme systems promoting immune suppression are the arginase and inducible nitric oxide synthase routes. Arginase leads to nitric oxide and peroxynitrite production, whereas release of nitric oxide in certain contexts has a direct immunosuppressive effect at least in vitro . 101, 102 As vascular / tissue barriers failed to fulfil criteria for defining privilege and lack of cells capable of presenting antigen locally in the tissue also fell short of the mark as an explanation, attention moved to active regulatory mechanisms. For many years, ocular immune privilege has been associated with the phenomenon of ACAID (see above), and brain-associated immune deviation has also been demonstrated. 4 ACAID to alloantigens has been more difficult to demonstrate but there is evidence that in mice in which corneal allografts are not rejected, the systemic immune response to specific minor antigens is reduced on delayed hypersensitivity testing. 103 ACAID is mediated through T-regulatory cells (predominantly CD8 + T cells, among other cells including -T cells, 68 CD4T cells, and B cells, mostly generated in the spleen) 104 and undoubtedly demonstrates the development of antigen-specific modulation of the immune response. Indeed, inoculation of antigen in the anterior chamber of the eye has been shown to reduce the severity of lung inflammation in an experimental model of asthma. 105 Teleologically, ACAID and presumptive (but not formally demonstrated) retina-associated immune deviation have been proposed to function as immunological brakes through moderating the systemic immune response to rare tissue antigens, which, not having been seen previously by the developing immune system and thus prevented from inducing regular tolerance, might through injury or infection be exposed to the adult immune system and set off a typical foreign antigen response. Indeed, this is one of the concepts put forward to explain the infrequency of the ocular condition, sympathetic ophthalmia, a disorder in which the uninjured eye develops spontaneous inflammation after penetrating injury to the first eye. 106 There is an issue, however, as to whether ACAID amounts to immune privilege. ACAID is mediated by T-regulatory cells as indicated above. Central to both induction of the adaptive immune response (T effector cells) and the expansion of T-regulatory cells is antigen presentation and specificity of the responses: direct evidence for the latter in the context of privilege has been difficult to demonstrate. 94 Privilege, as proposed in its original form, might be better restricted to the concept of protection of the tissue by the tissue from the collateral damage of a full-blown immune response. For many years, an expanding list of factors associated with the local expression of immune privilege has been enumerated (see Table 1 ) and include soluble factors such as neuropeptides and TGFb as well as cell-associated factors such as neuronal CD200, HLA G, and Qa-1.
CAN NON-PRIVILEGED SITES BE CONVERTED TO PRIVILEGED SITES?
The surprising findings of inducible immune privilege in the skin, as part of chronic infection, indicate that even the most immunoreactive tissues can be made relatively immunosilent. A relative degree of immune privilege can now be attributed to many tissues, and especially to new tissue antigens (tumor antigens and fetal antigens), fueling considerable interest in attempts to induce immune privilege for therapeutic purposes: this applies both to inducing immune privilege in tissues such as allografts to prevent their rejection and to breaking privilege, for instance, in tumors to promote their rejection. Cobbold and Waldmann 6, 7, 107 have been pioneers of the concept of infectious tolerance in which tolerance induced in one grafted individual by CD4T cell depletion and other immunological manipulations can be transferred to another through T-cell transfer i.e., the second individual will accept a graft from the original donor without additional manipulation. Moreover, the second recipient will also accept a graft in time from a third unrelated individual, indicating that tolerance can spread to unrelated antigens in an " infectious " manner. 6 Most recent studies of this phenomenon have indicated that, in fact, the grafts are colonized by T-regulatory cells, which as effector cells are known to be non-antigenspecific (i.e., although induced in response to specific antigen, they have a broad-spectrum immunoregulatory function against many T-cell specificities). 108 The immunosuppressive effect, therefore, appears to reside in the graft and is lost when the graft is depleted of T-regulatory cells. The parenchyma of the graft releases immunosuppressive mediators such as TGFb, 107 which promote T-regulatory cell expansion locally in the graft and inhibit the function of the alloreactive T cells.
REVIEW TOLERANCE VS. PRIVILEGE
The concepts of tolerance and immune privilege have matured along similar but parallel pathways over more than half a century. The notion of tolerance arose pari passu with adaptive immunity from the evidence that not all antigens induce an immune response, that antigens varied in their immunogenicity, and that in any case there was the problem of self / non-self discrimination. 109 Despite newer variations on the theme that have incorporated responses of a non-adaptive nature (the danger hypothesis 110 and the discovery of less-exquisitely selective innate immune receptors responding to foreign antigens 111 ), the ideas of tolerance and immunity to antigens form the basis of immunological dogma. Meanwhile, immune privilege has been viewed until recently as an interesting curiosity related to specific tissues or sites in the organism, which were exceptions or refinements proving the rules of the larger concepts of tolerance and immunity. It was only as evidence emerged that immune privilege was not a purely passive process, that the phenomenon of ACAID involved generation of T-regulatory cells, and that the tissues generally could moderate immune responses merely by their characteristic properties that immune privilege came into the mainstream of immunological thought once more. 112 The question really reduces to this: is immune privilege a distinct phenomenon or is it simply another form of tolerance? Tolerance has been defined in terms of non-reactivity to selfantigens, underpinned by such notions as the danger hypothesis 113 and linking of adaptive immunity to innate immunity, 111 and is generally seen as a mechanism of tightly regulating immune responses to foreign antigens, thus preventing massive self-antigen-induced destructive disease. In contrast, immune privilege is viewed as a tissue-specific mechanism designed to prevent excessive damage to vital organs while allowing some level of immune response to proceed. Simpson 112 has suggested that there is in fact a large element of overlap between privilege and tolerance, particularly in the induction of regulatory T cells, whereas Caspi 13 has suggested that in fact immune privilege based on immunological ignorance (see above) is a risky strategy for the organism, as organ-specific peripheral tolerance mechanisms are imperfectly developed and leave the tissue exposed to damage from antigen-specific T cells that have escaped central deletion.
Mellor and Munn 12 adhere to the concept of immune privilege as a distinct phenomenon on the basis that tolerance, both peripheral and central, is a systemic processes mediated by circulating or at least trafficking cells involved in immune surveillance, while privilege is a local phenomenon, acting locally to prevent effector cell damage and involving the conversion of Th0 cells to resident in situ T-regulatory cells through secretion of tissue-produced mediators such as TGFb. It is possible that such factors are actually produced by tissue-resident DCs (see above) or by parenchymal cells themselves.
They further suggest that tissues such as the mucosal lining of the gut display strong evidence of privilege or tissuecentered immunosuppressive properties as the gut has to handle a large micro-organismal load, whereas tissues such as the eye and the brain are in contrast more susceptible to the damaging effects of inflammation (if it occurs in the tissue) as they rarely encounter microorganisms. This echoes the high cost -benefit ratio of immune privilege in these classical sites as propounded by Caspi. 13 This idea fits with the effects of inflammation in the intraocular compartments and also with recent evidence from allografts, where the immune privilege is restricted to the local site of the graft and is not detectable elsewhere. However, there is the problem of ACAID or antigen-specific systemic immune REVIEW deviation: theoretically, it would be possible to induce immunological non-responsiveness or, at a minimum, immunological deviation by " tolerising " the organism through intraocular inoculation of antigen and subsequently challenging the organism to the same antigen. Experimentally, this has been demonstrated in a model of allergic lung disease. 104 On the face of it, the mechanics of this are little different from mucosal tolerance protocols. Similar attempts to induce tolerance have been made through other immune-privileged routes such as the testis 50, 114, 115 and the conjunctiva of the eye. 54
IS IMMUNE PRIVILEGE A USEFUL CONCEPT?
As there is so much overlap in the mechanisms of immunological tolerance, particularly, mechanisms of peripheral tolerance and immune privilege, the question that must be asked is whether the concept of immune privilege adds anything to our understanding of immunity. In fact, immune privilege, as opposed to tissue-induced immune deviation, describes a property of the tissue and has value as it adds a third limb to our already well-developed concepts of tolerance mechanisms. Thus, there are two major cell-mediated mechanisms of systemic tolerance involving central mechanisms and peripheral mechanisms, in which trafficking cells survey the tissues for foreign antigen while suppressing or deleting cells with the potential to respond to self-antigen. These mechanisms are under genetic control, the complexity of which is increasingly being revealed. 116 -118 The third arm of tissue-based " local immune regulation " is another way of describing immune privilege and, as has been shown over many years, has a hierarchy that probably correlates to the strength or number of tissue-based regulatory mechanisms expressed by each tissue: thus, the retina and brain parenchyma possess many of the characteristics including pronounced blood -tissue barriers, relative absence of lymphatics, minimal numbers of APCs capable of presenting antigen in situ , and an extensive range of soluble and cell-bound inhibitors of the immune system, which under normal circumstances have the ability to promote induction of T-regulatory cells. It is also possible that some of these regulatory T cells are " resident " in normal uninflamed tissues, such as skin, and contribute to the overall immunosuppressive microenvironment. 119 The properties and characteristics of each tissue may have a much greater influence over the immune response than we previously considered, and the tissue itself has been portrayed as a regulator of the response to " danger " . 120 This is new terminology for oldfashioned immune privilege. Finally, it is also important to consider when and where immune privilege is established during development and if this has a bearing on whether antigens that are expressed early in development are more likely to induce central tolerance, compared to antigens that are expressed later in ontogeny, for which immunological ignorance may be the only route to prevent selfreactivity. For instance, some retinal antigens, e.g. neural antigens appear in the developing eye shortly after formation of the optic vesicle, whereas other antigens may not be fully expressed until after birth. This applies especially to the strongly autoantigenic photoreceptor antigens,which are not fully expressed in the retina until after birth, by which time the leaky hyaloid vascular system has given way to the formation of the anatomical and functional blood -retinal barrier, preventing access of membrane-bound antigens to the immune system. This issue has widespread implications and is best considered in the context of expression of " new " or " late " antigens, e.g. during puberty, in tumors and in the developing fetus. Tolerance to " late " selfantigens is currently explained by promiscuous gene expression in medullary thymic epithelial cells. 121 
CONCLUSION
We have reviewed the long-recognized concept of immune privilege in the context of the part it plays in the constant trade-off between tolerance vs. immunity or protection from " danger " . 110 We propose that rather than being an immunological curiosity attributable to certain specialized tissues such as the eye and the brain, all tissues have a relative degree of " privilege, " allowing them to preserve varying levels of structural and functional integrity, depending on their intrinsic regenerative capacity, in the face of injury or danger. 120 There are many mechanisms, both passive and active, underpinning " privilege " and probably many more to be discovered. We believe, therefore, that in addition to the two extensively described immune cell-based, central and peripheral, and innate and adaptive mechanisms of tolerance, this third tissue-based defense mechanism of protection against danger plays a major role in the survival of the organism. Sometimes, there is a cost 13 attached to this " privileged immunity " that may be too great, and the tissue, if not the organism, succumbs.
